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PURPOSE: A peroxidase protein originated from Ipomoea batatas 
(sweet potato) and a gene encoding the same protein are 
provided, which gene is expressed in a cultured sweet potato cell 
and various tissues, and its expression is induced by biological and 
non-biological stresses, so that it can be useful for development of 
multiple stress-resistance plants. CONSTITUTION: The peroxidase 
protein originated from Ipomoea batatas(sweet potato) has the 
amino acid sequence selected from SEQ ID N0:9 to SEQ ID 
NO: 14, wherein the peroxidase protein is class Hi peroxidase 
protein, contains secretion signal peptide in the N-terminal, and 
preserves Arg-27 and His-42 as an active region. The gene 

encoding the peroxidase protein originated from Ipomoea batatas(sweet potato) has the nucleotide sequence selected 
from SEQ ID NO:3 to SEQ ID NO:8. 
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B: 19 ^ (distal heme binding domain), 

D: = f L °o 1 " il^ Jf-r] (central conserved domain) ^ 

F: 73 -rl 19 -t-t1 (proximal heme binding domain) 

S.2^=r^r iJr'gSl 2-^4 -S-Bfl 2l^-Alr4xfl ^«fl^£l o>p1^a> X-l<g3). 447fl£l rj-s Al# 3^ ^ ^ o}p) t A]- A n <g^ h] 57 
-m^^^l# 4^\H ^ °1 cf. 

£ 3a^r Jl^fs] c^e) S^HH a. igrpjo] jr^nf -fj-efl 2^1^ -f)-7i7}-7)- ^-^E]^ <$4bKg- ^<?|*!; RT-PCR <^ 
L: a, S: #71, R: ^2], SR: *1 W^, Su: ^Hfl^AflS 

£ 3b^r ufl^ Al^ol] n}^ ig}-^ ji^nf ^-Hfl sl^-Al^ -^-^7>^ ^ <#Aj-g- ^-o]tr RT- 

PCR ^7l^^A}^o)cf. 

H 4a^r JlnM a°ll iS5l|it ^ ^ 12, 40 ^ 72^1 ?>4^ £ ji^nf -^-efl s^AlrHfl -£-747}- ^ 

rlT^Ml RT-PCR ^7l°J^ A r ^°ltf. 

£ 4b^r JL^-v} Dflig nl^-s^l^r ^51*3: ^ 12, 24 ^ 48A]7J4<q ^- ^.^-pf -frefl 5|^AlrH| -fj-^xf. ^-^ «g= 

^ ^TT^fl RT-PCR ^7l^J^ A>7jolr}. 

£ 4c^r JL^v} a* 4tS^1f ^e] ^ 37°CS ai-fr ^el*r 3S|^-Alrf^ -^7} i£Sl-# u}-e}-<^ RT-PCR 

£ 4d^r 31 ^-pf a* ^SHri 33 <^ Sp4l= #55-S ^ 3S|^-Alr4^1 4^74- ^-^ ^S)-# RT-PCR ^7l^J 

5. 4eir 31^4 "SM^-i* ^ 7>iSA]-o. s ^e)*! ^ 5)^.^^ -fr^x} ^ #3}-# uLe^ RT-PCR &7]°§?g- 

£ 6^ ^ o-sfl 3|^-Alrf^ 4t-^7}7]- 3.^}$] ^J 6 14. 

^ S^^r Jl^n> -B-eflo^ 5)^1^1 Plsfl^ ^ ols. a tg^ ft^dft ^AS, ^^l^^^r Jln 1 ^ ^ 

s|^-Alc|-^ (peroxidase)^ af^Sl-^l- ©l-g-^fl 7l^(^K)* ^r3l-^?lfe «>-g-^r #nfl^ jis^ p1^#* 

^^#^1 ^fl^Ml ^7fl*tr4. Tsl^-Alrf^l^ Hl-e- s-olAj gj tcf-e)- #efli I, #efli n ?J #efli ^g- 

4t=lc}(Hiraga e/a/., Plant Cell Physiol, 42, 462-468, 2001). SS-S] nlS3-3Lel c> a>o1m3.^- c 3J) ^-a] 
(mitochondria cytochrome c peroxidase), ^ -^-^l(chlorophyl) i>>iStf|lo]i= si -%a] t4-^)]( a scorbate 
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peroxidase) -f-^r #Bfli H ^^l^l sl-%AltHl( seC retive peroxidase)^ #2fli n °11 #«ltf. #efli 

*M*\}7} i*>=lc}. #ef|i m tf|^-Alcf^i^ ^]#°1H il^^l t^EH, §^ ^ oVoli^oj^- 7>^1 a. $J,cf. 

#e]]i m ^^-Al^ir tl<$«t ^el^-g-^l ^^Rr ^o.^ If 3^ 5ft tf. ^, -S-^SKlignification), 2SH^SJ- 
(suberization), J^S.^ 7J^-, 04/] tg^S ^^ofl tfl^ ig-oj, ^^HH ufl*t ^ i^sj-^ ^-ofl # 

^*>ir 74 1fSl*l il^KFry, Annu Rev Plant Physiol, 37, 165-186, 1986; Lagrimini e^a/., Hort Sci, 28, 218- 
221, 1993; Mohan e^a/., Plant Mol Biol, 21, 341-354, 1993; Zimmerlin e^/„ Bio ch em J, 299, 747-753, 1994). IE 

^#^1 #2fl^ m j^XltMlfe- ai#^ ig-^, ^ nj g-^l %o]s^ t\-<$-& 7}^ ^ %SL3, 

^, ^#^3 iJ=elli(biotic stress) ^ hH#«H ^1= efli(abiotic stress) ^l n Jl^SMeJ °] ^tflsl-b 35 

«>1 iLJisH <>1« iS^l^l cfl*l aj-g-cfl SU^S ^c_«i «v 5501^3. &}7}?Jrf. ne-m, -g^^ 

tfltr 7fl7H oHi^r^ (isozyme)* -g-^t ^cH^. 

^A-lt^fe- ^Aj-^^^jfi^^s -g-<^ e(-q^, ^St-^i, SH = Sr^ll, 4+4i)^ aJ-iJsH* 

Efl^CJl^, 7-^, S)-4}-#^ ^-ofl S]«l Hl^#*V^ iE El )^ ^ T%Q^ t -S^ ^}#^ iSJli) 

oil ^^Ml ^1^ ^aj^^o} ^5171- ^7>sH Aj-s). ^e^s ^-^ ^rf. a>3} ^ebU^oH tfl*l wj-^ylAi-o.s. 

yl^tfl CXascorbic acid) ^ alB)-^ E(tocopherol) ^ 7^x} %1a>^|.^-^ 3 j. ^3j)^-a}o1j= v]^^-^} 
(superoxide dismutase, SOD), ?M-e[-^Kcatalae, CAT), tf-SfA}^] ^-$] ^S]-s.^S, ^€ «oMrS|-7l t^I^I 

^It 1 S^sl oisii ^#^l^r «>J1 flfeT^I, 5|^-Alr4^ ^AJ-SLJ^-, ftTgiEell^oll o] 

n 2151^1-711 D-^Elir m^^li^^ ^Tloll ol-§-^ ^ °J,^, c}^*!- SJ-AJ-S).^ o.^xl-71- 5L°g=l ^^a!^; Aj 

^lS|-il=elli STi^A-ls iSelli vflA^^ ^-37 oi^oi H^^cl. 

TH^A^yl- sl^^i olylAj-cflU^/c/o^s/s thaliana)^ 737flsl #efli m S|^-Al^l -fr^x}-!- 7\*\5L $X±r ^}<>1 

^^^(Welinder etai, Eur J Biochem, 269, 6063-6081, 2002; Tognolli et al„ Gene, 288, 129-138, 2002), 1*) 
°1l7iif S 217H^ ^^-Alrf^l -^-Alxj-yl- iJ-^El ji $J,r}(Hiraga e^a/., FEBS Lett, 471, 245-250, 2000). 

£L ^-Tgxl-s. o. 3L^\{I P omoa batatas (L.) Lam. cv White Star) tW7lia<i^r ^<HE 307H <>V$S>\ tfl^-Alrl^yl ^^flfl 
cfe %^^a^ o.S Sf^l^l-^*-^, 3. ^-Pf A!#*ll5.JfB| Hfl^^lss. ol-g-tr 3J|^-Alr}^l ^Aj-ofl ilji«l 

«V SlcKcflf!: 1 ;]^- -SKi^f-^- A11117516J:; ft^St-^ij*], 27, 132-137, 1994; Phytochemistry, 39, 981-984, 1995). 

5£th ^ ^-^Xf^^T 3#3l ^A^ol 3J)^-A1C}^1 -fr^7> 1## S-el^M «lt -^^71^01 Hflof^ 

^-^l^^-S ^El^ iS^lioil o|sll ^€°l -frsslif ^-Aj^ 5J--Q. 4r?l*l-At^-^(Huh 

a/., Mol Gen Genet, 255, 382-391, 1997; Kim era/., Mol Gen Genet, 261, 941-947, 1999), SEtb -^-^ixl-# °l-§- 
tt tf|^-Alr}^^ tfl^AVofl ilJl«l H> ^InKcfl* 1 ?]^- ^1764205:). swpa2 DNA 

SJfBl =££El(SWPA2 promoter)^ 2lAlj|.^ ;4li ^ > x i^ai -oi] m-^ol tJ-^tII *£El^ yfl 0 0 t^lsoll a^ 
s-o]^ jil-^^ s-Ajol ^J,^ ^Tfl oj-g-71-^ol ^ ^ 6.5. 7lrfl=lc}(rfl*l 1 ?J^- 7)12000-612312.; 
PCT KR 00/012312.). 

d H, ^ il^7>s.^ jt^^ u|6m ££ H El ^^Alcf^s. ov^^^ -fr7d7># rfl^S &H^^H °1^1 ^^a^ 
6>nl^Al ^^^-S^, 5|^1^7)1 ^-?4xlsol jl^v} yfl^^lS^Mi ^^1^^5L ^Elfe- %?]el-5i 

* cf^* Sl-*]-^ iSBlli, #El^ iSefli ^ ^e|«>> ^^°ll ^SsH^oll ^sfl 

V: : ^>! *]-f-:iI7.|- dfi;;- 7l*Al ^.^ 

^^^°1 -s.^^ ji^nl^efl ^Alr^l ^«fl^ gj 6l#a^*l-ir^7i7l#xll^^)-ir 74<slc}. 

c i -7-1:1 4-8- 

4J-71 S-^^- ^Aj^l ^§11 ; ^ MT-Tg^ A>^ 21 i=- «7lA^ol J7^n> «-5fl ^^Alcl^l 7)1^^. 
aL*K ^ 4>7l 5^^- Ale} 7^1 ^«fl^# Jl^} -fj-gfl 3J)^-A1C}^1 -^7i7># ^1^-^. 



- 3 - 



^-"tfl 10-0596653 



-§r ^ 

^ l^s} sl^Alcf^l S.^- #efli m 3|^X|tHl ^nq^s £--ff£H, oM^a}. ^ <g AfoHfe a^ 30 ifl*l 

^ j=U^ S g-g^ Arg-27 His-4271- il^sH ^^(H 1 ^ S. 2 ^20. 

-g-^^^l 3^*1 ^^^^ oMi^A]- X\<££. Cf= Aj#^Al g^SH fi.jL^ 447^ J^A] tf*|| °}nli^M^ 

34 HlS«l-SJ^ n fl •B- < a^r^l7> ^<?}E|*1 Sfei=K£ 2 %20. JEth A^lflA 9 AJ^lfli 11S. 7]^S\^ <4*1^ 

ai *]rt^r 7}x]kr ^r«fl^^r ^#^(plH zj-z}- 4.58, 5.68 ^ 5.075L 14^-14 ^ ^^4: It ^ a^/ll^l 12 
ifl*l A^ylJ: 14S. 7l^s]^«MiiA> 7 r *ltr ^sfl^o. ^^^ol z}z| 8.84, 9.93 ^ 9.57S ^-nluf <g7l>g cjafl 

ajoi^ £ ^ ^T4(a 1 ^-i). 

^ ^-Tg^l -fj-^Kr Ai<g^ 9 vfl*| Ai<a«i^ 14S J0S«E1 AlBa^i^ <5>nlM^l A^<§^- 7Mc 3*3 

Ai^«iJ: 3 tfl^l ^1^^l3L ^AjEj AlBBslir ^7]A-]-g^- 7V^ir ?H H>^-2] S>l4. 

€■ ^^}*gr Ai<gifijr 3 vfl^l ^^^JL 8S 7l^E]fe ^H"^ 7 Mlfe -fr^Af« z>z| "swpa4", "swpa5", 
"swpa6", "swpbl", "swpb2" ^ "swpb3"e1- ^^rS^. 

4^ I^^l JL^n> -^efl 5).&-AltHl» 2*3 *R? -fr^fe Jl^r^ Tfl^^fl S^r^CS 3 %20, S, ^ , 

7}$] ig^o} 7^$] ^^*}7^ ^7}t:}±r 7§ i£4r 4b 

j1^-p> -frefl 3J|^-a1t4^# 3*3 sKr -frAi7>ir Aj-^(£ 5a %T-2), ^^(5. 5b Jl^£- ^ 7-]^ ^ 

5c af*!-#Aj( S 5d ^ S 5e %^)^\ ^ HlAj#^ iEeflioil sqsfl cflJf^- ^7i«TrCf. naljl, 

^^^^^l^sf ^ 5|^-a1t4^^ %Ajol ^ 7 >^j7( £ 6a ^2), tf|^Alr4^# S<3*Rr -fr^ 

a>^ S-«3E. i£«t ^7VttT4(2. 6b 

«>s4 ^-o], jl^p> ufl^SW^I S-e|€ *11€Jl 3 *\<&\&s_ 8S 7]^^]^ «M7H^ 71-^1^ 

-^-Al7>ir Jl^n> Hfl<y: oil A] S-O]^ 0.5 7j-sl-7fl S-««|-jL, cf«3=* iS^i ^1 e| ofl -^-5LS]7l 
Wfl^^l «1 -S-^V A}^# «>l-g-«|-7m, ^Al7>S] <^Jf# ^^Al^] O.^^ ^7J iS^Ao]] ^-g-^# ^tflA^lfe 7fls 

<-SJah i> si^-Ait4^ -H-^xl-si fs^, <371a-i<i ^A4, -B-^^i 4fA4 

Hfl^^l 20°^ =1 2.^-nl- ^^-Hfl^ ^lSCtfl^^ ^ ^ ^|1764203:)S.^ mRNA# €-el«|-3L, ^AiA}s.i# 

mRNA^Jf El cDNA« ^ 6 1» ^^(lambda) ZAP H (Stratagene)^ ^"^^H cDNA «.&|el# ^j) 

Al-^l-gcf. Ai<g»|jL i ^ A-ll^s 2S 7l^flJSlir 55}«HS PCR* t"*Ss1-^ sl^-Alcf^l (peroxidase) ^3.0] 
^^>7l fl«4 t*l DNA-i- <$7] ^AVsl DNA# ^-g-^H ^ 3f«>l 3L^ e|« i3.sl^§M, 

a]E|^l AvoiEi cDNA Aiigsi a.7l7V i kb <>i#oi 2187fl# #^«.^Jf e) dna^- •S-e|^ ABI 

3700 ^7lAl<g^^7l(PE Biosystems)S -fr^^ 5'-^ "£7H^-& ^f^JL #e)-^S (Blast) S-^Chttp:// 

www.pdrc.re.kr)# t^*!*)-^!^. 
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=L DNA^r EI °-x}x]-<>]# o] ^ 207flS] fSo| cfl^ ^71^1 

# =I3}«|-jL, ^7lA-l<gs.^-E| ofB]^ A-l<g^- ^MS^, W€ *>^1^ ^1* ^ ^ ^(mature 

protein)^ (isoeletric pointH n^-thS, ^ ^ 7}x] af ^^tKExPasy 

(http://www.expasy.org/tools/), PSORT SSZL^(http://psort.ims.u-tokyo. ac.jp). ^| 7fl£] ^ff -tHJ^ 
3J)^Alcf ^l 6 *fr, s^cMI 6#^- £ <§7l^ 3*^*1 8#frS ^^VS^f. #7l n^iM^ 67fl^ 3^ 

^-Al^l -fr^x}, ^ Tsj^-Alcf^l ^-^x>^>|<i^jL 7l2fl£]ir swpa4 -fr^*}, a^^Jl 4^ 71^5^ swpa5 

-fr^^, Ai<a^J: 5^ 7l^5]ir swpa6 -fr^*} ^ <g7l>g ^s.}^} -fr^S. A^ifli 71^5]^ swpbl 

T-il^jL 7S 7l^E|ir SW P b2 ^<a^i 7l7flElir swpb3 -fr^M- SJ-iL^l-S^. #71 -MUflJl 3 ifl*l ^11 

^iJL 7^5^ ^I^Wl -fr^fe 3'-^ <g7H<g,g- S^fe ^ ^S. ^ 7>-*l jL 

cf. a*!:, -S-71 Ai<a^J: 3 ^i x^^j: ss. ^sq^r -fr^} z\z\ .2.^- 5H3€ ^sa^ xi<a^j: 9 i^xi xi<a^j: 

14^ 7l7flE|ir 71-xlJI £-5^ 6 ?^ 3)^-A]cf^ £.^f- m 5)^^^ €~ffS) 



[1? 1] 





swpa4 


swpa5 


swpa6 


swpbl 


swpb2 


swpb3 


cDNA°l ^01 (bp) 


1,283 


1,390 


1,284 


1,257 


1,263 


1,290 | 


5-UTR°l ^01 (bp) 


36 


40 


37 


59 


60 


47 i 


3-UTR°l ^01 (bp) 


157 


330 


165 


164 


166 


260 j 


^§3^ poly a mDi&m. 


AATAAA 


AAT(G)AAA 


AATAAA 


AATAA(T) 


AATAAA 


AATAAA 


(poly A^¥9°| >l Bl ,bp) 


(-68) 


(-21) 


(-24) 


(-119) 


(-122) 


(-17) | 




335 


304 


334 


310 


314 


297 j 




36.29 


32.21 


35.18 


33.96 


34.35 


31.98 i 


g- tm a saa( P i ) 


4.58 


5.68 


5.07 


8.84 


9.33 


9.57 | 


^ui^im^i ^01 


21 


23 


20 


23 


23 


24 
















^U|01¥ 






jgjjl 


gbJI 


gui 





JEth #7l ^"g^jL 9 lfl7) X-lt^i^ 14S 7l7fl£lir ^M^xi Zl-if 6711 5|^Xlrf^ cJ«fl^7tS] 6>Bl^Al- *|<g x}- 

2^}ti ;gs|-, 30-80%^ W^S^r S3- $J.xt^-^(S 2), 3)^-7.1^ oj-^^i Arg _27 ^ His-427}- 

xl»^-(£ 1). 



r ^5 ? i 





swpa4 
(3560 


swpa5 
(327*) 


swpa6 
(3540 


swpbl 
(3330 


swpb2 
(337*) 


swpb3 j 
(3210 j 


swpa4 














swpa5 


38 












swpa6 


60 


40 










swpbl 


36 


48 


40 








swpb2 


36 


47 


39 


86 






swpb3 


43 


49 


46 


51 


48 
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I£th Jl^o^JfE-) ^-e|*l; 10#s] sl^Alr}^! cj«fl^(swpal, swpa2, swpa3, swpa4, swpa5, swpa6, swpbnl, 
swpbl, swpb2, swpb3) ^ oj^l^tfls}- $e| € 40 <^#^| ^aIt}^ i^l! a>o1^ *-<g^-^s- ClustalW H 

(http://plant.pdrc. re.kr/gene/align/clustalW.html)# ^l^-^l-^ -^4, ^ 2^*1 ^Ml & 

aJ^^ ^-<g^ir %<?]eM 2). 

<-S*Hl 2> jl^p> ^ ^lss] Ufl<^Al7l<Hl ^ si^-ai^i -R-^xisi ^ ^ ^ 

*r^r %Mhlr ^SH RT-PCR* ^*S*1-^t4. w Q >^^5L JL^p> 2^(52, , ^M, ^ T^l), €^ ufl^ 

^la ^ ufl°o 1 ?!: S^-ull ^3.(0.5, 5, 11, 14, 20, 30^)^^ * RNA« * 3)*A]tf;*|l -^a^} 

ae}ol^s- A}-g-€r)-j7 rt-PCR ^S(Gibco BRD1- <>l-g-*H 3J)^-A]cf^ ^ Q^Sr 2:4^^^}. swpa4°l) ^- 

o]^o] He^MS^ >|^HiJ: 15 ^ A-^yUL 16^-& ^l^Elfe- Hej-oH, swpa5°11 HeM^Sfe ^<g^ 17 

^ ^i-a^J: 18S. 71^5] swpa6°11 -^l^j<?l ^S^r -^<g^J: 19 ^ ^<g^J: 20*-S 7l^fl£l^ Hej- 

«H, swpbl^l -^-^^cj] aei-oi^^i- a|<!i*|J: 21 ^ -*|<H*|Jl 22S 7}Ji\£\kr ^o)*], SW pb2°ll ^•^1^'?] ^eM^ 
S^r ^"1^1^ 23 ^ a-^hUl 24S 7}^\5\tr ^e^M, swpb3°ll ^H"?! HeH>H5.fe a-^hIJl 25 ^ >| < i«i^ 26-° 

n &elt!; 6#^ ^4^^ -^-^x}-ir £^ ^wfl^ S^. swpa4^ ^-f jl^-v} *\^%)°] 

S^HHfe ^£1^ SS*^, swpa6ir fel ^ #7HH 7^7)] ^sj-gji, swpbl^r Ji^r Tel ^ ^H>TeHH # 
^Tfl swpb3fe #7HH tJ-^-tH ^«^V^r}(s 3a). of-eM, ^^ll^a^^ 3] 

rq-^ll *A}xfe tq-e} cf^V»l *«^# 4 £18-2-^, z| 3i^<$*\ ^tg^- 

5&*b, swpa4, swpa5, swpb2, swpb3fe ^^flfl^^l-^r ^7l-5qir ^S^=# ^Hf^ ul^, swpa6 ^ 

swpbl-^ flfl«g= Al*H ^ 7 0 >*t i4E]-Lfl^c}(£ 3b). ofeiA-l, ^. iJ-igsq ^^Ajc}^ -fH^l^ir ^Sufl^l 

7H1 tq-^- Aja cfs^ av^ol s^ElJi ^ ^ 

5L, ^ S>*}-#^2f ^-^r cf^*t hH#«M ^Selli* ^ ^ ^^1^ -9t^a}$] RT-PCRS ^-^^S 

4. 

4 v a-1 ^71 -^HH a5^-^6] gofl ^^w-o-s 12Al?t, 40^1?i, 72^1^1 3f- -f- 

Aj-o] H 0 >Hj o.^ RNA# S-e|«t ^ -S-71 ^Al<^l 2ofl>1 y r ^} ^-^1 RT-PCR# =l 12*]& 

^ iJ-^^ sl^-Al^l -a-A]x> 67H SL^f-^ ig-#o] ^S\7] X\XSfzi\-<%SL^, swpa6# ^S]*V 57H -B-Alx>ir 

72^^-^^ i4^ifl^rf(£ 4a). 

cf^-^-S, Aj-^^( reactive oxygen species)* ^^^Vfe- ^l^Afl?] pflii Hl-i-SAiKmethyl viologen, MV) -§-^ 50 
yM* 3.^-4 Aj#^oil ^g-Jf *t 33 6^m, 12^1^}, 24^1^1 ^ 48^m ^ RNA# £-e)*M ^} ^ A H1 2 

°11 7l^*t h}s} ^■•a^-Tll RT-PCR* ^^s-I-a!^. =l * tf|*A]c}^ *Alxl-ir 3-^ pIM Hl*5L^l°11 olr-g-sl- 

^ S^^l ^7>E]^ifB]], iJ-^ *£ A]^]; ^ 7j-£7l- A]S. A o Vo lsl-7fl M-H-}^. SWpa5fe" Hl-i-SAfl ^ e] ^ 6^ ^ofl 

iJ-^fl -fKtsH 7V^> Ire) ^ ^a]- yj-^oi ^e)^ 0.14, S wpb3fe ?§3\-*\} ^ "&^) ^cflsl 

^ 72Am * Tg-Qo] sjifl^ 4^n}(S 4b). 

t4^-o. s> ^ iEefli# ^71 ^sfl 7lifl Hfl^o] jr^Lpi- Aj # ^ )# 48Al^o]- 4 - C £ A^ e) ^ 12Al?J ^<tV 
37°cs ji* Aje^ft ^ ^avo^ h o >t^ o.^ rna* £-e|eM ^Hl^l ^a]*i- y}s} rt-PCR* ^^^fS^}. =l 

A, swpa4^r ^ 2.* ^el^l ^}?\] ^7\-eV al-'g, swpa6^r *E iSeflioil s\^v ^#^1^1 

$£9):^. swpa5, swpbl, swpb2 ^ swpb3* 2.* iSelli^l s)sflA^ ^ 7 j.^).^cf( S 4c ), tq-efA^ oIb)^ ^£ 

iS^ii tflft 3I1*A]C}^ -a-Ai7}Sl ^ ^- ^^Alcf^ *Aj7l-ir JL^} ^^^} 7 } iE^Ae| ifl 
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440 mM, ^^lf 100 mM, ^aI^a]- 100 uM ^ nfl ijUl-i^At 100 uM A A Sth^-fe -§-^ 30 48 

Sj-«1M<>1 *^^JE^ %]^%t\. olrcfl sK+SK^ gj ^^-i4Hl-^ tfl* ifli?»£fe ^W#*> 

^1^4 pim^&aH) cfl«v tfls^^-s^r 0.1% dmso -g-°J}# A>-§-^^cf. aj- 7 ] ^e)^- ^ 

5 RNA# €-e]ft ^ 7l^fl^ « 0 >^3f §ol RT -p CR ^- ^^-gtf. rx ^sj-, sj-Xj-sK~ii# ^e|€ ^-f swpa4, 
swpbl, swpb2 ^ swpbSS] 7 o v *r7fl ^^Sf-I ^-r-^r swpa4Sl #«|-7fl tKE^SS 
nf(S.4d). ■g^l^^r-i- *1 e| ^ swpa4, swpbl, swpb2 ^ swpb3^ -fKEEl&J^, pf| ^xj-i^-S- ^ e| *b 
^g-Hr swpa4, swpa5, swpb2 ^ swpb3^ ^-E^cKJE. 4e). 

-fr^W iE5|Aoil tfl^fl #-g-isRr g-^^M ^fl, g-^l?! ^ S| 

^-A]r}^l -fr^x]-^ RT-PCRS. ^-^rS 1 }. ^S^el* 3-A^^Pectobacterium 

chrysanthemi, KCTC 2569)« 10 4 *f|^/m£©l 3 3^ S)^«t ^ *flnfl ^<?1 4 jLtH-WISM, SHH 

it]-, x>b1)^ a]7| 18 mm^ g ^6|| ^f^-gr}. a> 7 ] ^ * i 2 , 16, 20, 24 ^ 36*l?HI<>fl 9 

# ^ ui l^** i^l^W ^M** 71^3. A>-g-*M ^ n*KSigma)A} 

^ "ct^l ^^rSt^Ktfl?!: 1 ?!^ *flll7516J:; tt^&^-zj, 27, 132-137, 1994; Phytochemistry, 39, 

981-984, 1995). 31 fh &^£r -#7l RT-PCR# ^th^-S^i PCR M3— 5L-T"^i DNA# ^%%AS, 

% 5)^-Alcf^ ^3)-, ul SfolE ^Hl g^^o^ * 24*1 ?H J}j7ofl olS§J 

cf7> ^-i^ir lie] ul^ i ^.n] gj ^^Alcf^l 36^1 ^^V ^7)^53 t}(JE 5a). 31 *t, ^1 

W% &-q*H*\£. A J-7l2} ^^tt M-^^^^l, 67fl 3^AlcM| -fr^^ 

^#^1 ^§11 ^7>£1^JL, ^-#1 swpa4ir cl^ ^^-^^1^ nfl-f Tj-^^l $^©1 -fr^s] 9iA(S. 5b). ^-e> 
Ai, HJf tf^A}^]7} ^^^^ ^r^^cf^r S =7- Sa^, swpa4^ HS-£Bjir >81HJ -fr 
^7f^ ^6f| cfl*l <g^s]- tg^|^ ^#^1^ 7 fllH 5I#* ^ 9X9XA. 

<^Al<^| 5 > Sl^-Al^l ^M.^^ 

¥r Sl^-Alcf^ ^-^A>7]- jL^n> 7ll^(genome)ifl°11 ^Tg^fe -fr^^-^ 9r^7] 

(Southern blot analysis)^ AjAl^]-gr}_ ^41-0] hj-i^ _o S 2.^4 ufl^MliSJfB] Tfl^- DNA# ^^«4 5coM, 

//7>3cn H/ncMS, ^d^lSiA. ^^S-^S, ^c4^ 711^ DNA# ^7l°J^*!; ^ z| S^Al t^fl -^^7}°] a]^ c}= 3'-^ 

6 ^717^0] Aj- 7 ] ^ Al ofl 4 o] S"5?«1|^ a>-§-*i U-^3a># Ol-g-^ «S|^ #5 

^7> 27fl oR> ^7fl^M ^ 51^1^1 -^-AlAfe ^l^^^l ^7fl5:>Jl ^ $i$iEl(£ 6 ). 

«>i4 ^oi, ^ ^-Tgsi 2.^4 -s-sfl 51^-ai^i a^*i-ir -fr^^l-fe 3.^b> nfl^ia ^ cf*** 

2:3]^A-1 iJ-sisH, Hl^9#^ iSJfli^ll S]sfl -fr3E.Sl7l nfl^^ o]^. ©l-§-^ EflsH 

(57; ; f7'S] 7: VI 



1. 

AilaiJ: 9£ 7l7fl£lfe o>nl^ A-lfs ©l^^^l ji^7b> -f^-efl 3J]^-a]c}^ cl^^. 



^T 1 * 2. 
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^T 1 * 4. 
3^8" 5. 
^T 1 * 6. 

^T 1 * 8. 
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swpa4 swpaS swpafi swpbl swpb3 



(kb) 








12.0 — | 
7.0— | 


III! ! 




:: : ■ 

III 


5.0 — I 
4.0 — ; 








3.0~ ! 






1 


2.0 — | 






\w ■ 

mm : 



<110> Korea Research Institute of Bioscience and Biotechnology 
<120> Peroxidase protein originated from Ipomoea batatas and gene 

coding the same 
<130> 3p-04-26 
<160> 26 

<170> Kopatentln 1.71 
<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> forward primer for peroxidase gene of Ipomoea batatas 
<400> 1 

cacttccacg actgcttcgt 
<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> reverse primer for peroxidase gene of Ipomoea batatas 
<400> 2 

acgaagcagt cgtggaagtg 

<210> 3 

<211> 1283 

<212> DNA 

<213> Ipomoea batatas 

<400> 3 

cttcttcata cttcctttgc tgtgataatc atcatcatgg cttcctttgt cactcggctc 
agcctggccc ttagcttcat cgccctagcc ctagctggct tctccattta ccagaatacc 
catacagcca tgaaagggca gcttaagctc accccaaagt ggctgctaga caacactcta 
gagtcgtcag tggccgacgt gctctcacta cgcctaggca tctcctccgg aaagctttcc 
gacgaagact gcatattctc cgccgttaag gaagtggtgg acgccgccat tgatgcagaa 
acccgcatgg gtgcttccct cattcgcctc ttcttccatg actggtttgt tgatggttgt 
gacgcaggtc ttctactaaa cgatacacct actttcacgc gagaacagac cgccggcggc 
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aataataact cagtcacagg ttttgaggtg atacaacaag ctaaagagaa tgtgataacc 480 

aaatgtccct acatacaagt atcttgtgcc gacatcttat ccattgctgc ccgtgattct 540 

ttccagagat ttactggaga aacgtacacc gtgactctgg gaagactcga tgcaagaacg 600 

gcgaacctta ccggagctaa cacccaactc gtcggaccaa acgaggaatt ggcatcgcaa 660 

gtcgagaaat ttgcggcgaa agggttctcc gaaacggagc tagtcgcctt gttaggtgtt 720 

cacacggttg ggttttcgag atgtccgctt ttatgcgttc ccattttcat caatcccgcc 780 

cgggcctcca cgctgcaatg caactgtccg gtgagtcccg acgacaccgg gctggtgggc 84 0 

ctggacccca ctccgttgac gtgggaccaa agtttttact ccgacgtggc taacggtcaa 900 

gggcttctgt tctccgacaa cgagctgatg aatagcaaca ccaccagcgc cgccgttagg 960 

aggtacaggg acgagatgga cgcttttctc gccgatttcg ccgccgccat ggtgaagatg 1020 

agcctcctgc cgccgtcccc cggagtggag ctcgaaatcc gagaggtttg cagcgaggtg 1080 

aatgccaaca cagttgcatc catgtgaagt tcgttcccat cgacatcaat aacgtctgtg 1140 

attctgtgaa agttttactc ggactgtgaa gaattttcac tttctgttgt ttctgaaata 1200 

aaaaagattt tttttttatg tcctaacaaa acttgtatta ctgaataaaa tttataaatt 1260 

tgttaaaaaa aaaaaaaaaa aaa 1283 
<210> 4 
<211> 1390 
<212> DNA 
<213> Ipomoea batatas 
<400> 4 

attaattacc caataataaa tcaccaaaag cccaacaaaa atggcttctt tttcttccct 60 

tttagccatg gcactcgcca tttccatctt cttatctcac tcaaatgctc agctaagttc 120 

cactttttac tccaccacgt gccctaacgt gtcctcaatc gttagcactg tgattcaaca 180 

ggccttgcag aacgatgccc gcattggtgc cagcctcatt cgcctccatt ttcacgactg 240 

cttcgttaat gggtgtgatg gttcaatttt gctagataac aatggaacaa caattgtcag 300 

tgagaaagat gctgccccaa acaataactc cgctaggggt ttcgatgttg ttgacaacat 360 

taagaccgct gttgagaatg cctgtcccgg tgtcgtttct tgtgctgata ttttagctct 420 

ggcttccgaa tctgcagttt ctttggctag tggtccttca tggaatgtgt tgttagggag 480 

aagagacagc agaacagcaa accaagcagg agctaacact agcattcctg ctccctttga 540 

aagcttaagc aacattacca caaagttttc aaacgttgga ttgaatgtta atgatcttgt 600 

ggcattatct ggtgctcata cctttggacg cgcacaatgt cgtacattta gcaaccggtt 660 

attcaacttt agcaacacgg gcaatcctga ttcccacctt aaacacaacc tacttagcac 720 

tttacaacaa gtttgtccac agggcgggtc tggatcaacc gtgaccaacc ttgacccgac 780 

aaccccagac accttcgaca gcagttattt ctcaaatttg cagaacaacc gtgggcttct 840 

gcaatcagat caggagttgt tctcaacatc tggggctgca accattgcca ttgtcaacag 900 

tttcagtgca aaccaaactg ccttctttca gagctttgtc caatccatga tcaatatggg 960 

aaacattagc cccttaactg ggaccagtgg agagattagg ttaaactgta ggagacctaa 1020 

ttgaggaaaa ttttgtcact cctactatta cctgcctgtc tctgtatgtt ttgtcttttc 1080 

acagattatt tatccttttt gcctttttgg tgtgtcttaa ggctattttg ttgctccgtg 1140 

agtgaaatct gttaggaatt agttggtcaa accaactaat acaatcagtt agtaactatc 1200 

agttattagc tgattgccaa acactttcta taatagtttg taattttttt ctctcatgta 1260 

ctagaacata cactgtacat gtcagctgtg gtgtattttt ttttattttc agtacctcat 1320 

ttttttaatg aaaaagtgtt attatattgt ttcaaaaaaa aaaaaaaaaa aaaaaaaaaa 1380 

aaaaaaaaaa 1390 
<210> 5 
<211> 1284 
<212> DNA 
<213> Ipomoea batatas 
<400> 5 

cttcttcttc ttcatacttc tctcttagca ttacatcatg gcttctttcg caacaaagct 60 

cagtcttgcc ctgagcttgt tggctctagt cctagctggc tactctattt accagaacac 120 

ttactcagcc attaatggca ctgagcttca gcttatccca acatggctgg atgaaacatt 180 
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agagtcagcc aacattctaa gggctctagg tttgggtaaa tcatcgtccg gcatgctttc 240 

cgacgaagcc tgcgtgttct ccgctgttaa agaaattgtg gaagctgcca ttactaatga 300 

aacacgaatg ggagcttctc tcattcgcct cttcttccat gactgcttcg tggacggttg 360 

cgatggaggg attcttctaa atgccactaa tggggagcaa agtgctccgg ccaatgctaa 420 

ctcggttagg ggttttgaag tgattgagcg ggccaaacaa aacgcgaaat ctaagtgttc 480 

agacacacct gtatcttgtg cagatgtctt agctattgct gctcgtgact cggttgttaa 540 

gctgggaggt caaacctaca ctgtgaactt ggggagaaga gatgcaagat ctttcaacct 600 

caccggagca aataaccaac ttccggcgcc gttcgatgac ctggcaacac aaacacggaa 660 

gttcgccgac aagggtttta accaaacgga gatggtggcg ttggccggag cgcacacggt 720 

ggggttcgct aggtgcgcgg ttttgtgcag cagcaataac cttaaccaag ccagaaactc 780 

gacgctgcag tgcacctgcc ccgtggcagc gggagacgcg ggtctggtcg ggctggaccc 84 0 

cacaccaagc accatggaca cgcgttattt ccgggacata gtcgacggtc aaggcctcct 900 

tttctcggac caagtgctgt tgaacggcac gaccaccacc gccgccgtga ggagataccg 960 

ggacggcacc ggcgctttcc tctccgactt cgccgccgcc atggtcaaga tgggcaacct 1020 

ggctccgtcc gccggcgtcc agctcgaaat ccgcgacgtt tgcagcatcg tgaatcccac 1080 

ttccgtggct gccatgtgag aacgtaacgt aacaaaaata atataaattc ctctgagtat 1140 

tctgttaaat cctgtgttcg aactctcaac ctctgttaag ggatttgtgt ctgatcctct 1200 

gtagtagtgt aagattccca atttgtatgt tcaaaataaa aatctagatt gtggcatttc 1260 

ttctaaaaaa aaaaaaaaaa aaaa 1284 
<210> 6 
<211> 1257 
<212> DNA 
<213> Ipomoea batatas 
<400> 6 

gttttcagca ctgttaagcc tcagttttca gagagtataa cagcttaagt taggcaacaa 60 

tggctaggtc aatcagttgt ttcttcatgg ccattactct tcttgctttt gcaccggttt 120 

ccctctgtta caagggctat ggtggtagcc tgtatccaca gtattacgag aagtcgtgcc 180 

cgagggcgct agagattgtc aggtctgagg ttgcgaaagc cgtggctaaa gaagcacgaa 24 0 

tggctgcttc tttgatcagg ctctccttcc atgactgttt tgtccagggg tgtgatgcat 300 

ctatacttct agacagcggt aatggcataa ccagcgagaa gaattctaac cccaacagaa 360 

actctgctcg tgggtttgat gtgattgatg atatcaaagc tgccctggag aaggagtgcc 420 

ctcaaactgt ttcttgcgct gatattatgc aacttgctgc cagggattct acacatctga 480 

gtggtggacc attctgggaa gtcccagtag gaaggaaaga ctccagaagt gccagcctga 54 0 

gtggctccaa caacaacatc cctgcaccaa acagcacatt ccaaaccatt cttaacaggt 600 

tcaagaacca aggccttgat cttgttgatc ttgtggcatt atctgggagt cacacaattg 660 

ggaactcaag atgtgtcagc ttcagacaaa ggctttacaa ccaagctggg aacaaccaac 720 

cagactctac cttggatcag tactatgctg ctcagctgcg caacaggtgc ccgagatccg 780 

ggggcgactc gaacctgttt ttcttggatt ttgtgagccc aacaaagttt gacaactcct 84 0 

acttcaagct cttgttggca aacaagggac ttctcaactc agaccaagtt ctgaccacca 900 

agaatgaagc atcattgcag ctggtgaaag catatgcaga gaacaatgag cttttccttc 960 

aacatttcgc ctcgtccatg attaagatgg ccaacatttc acctctcact ggttccaatg 1020 

gagaaatcag gaagaattgc aggaagatca actcttaata caaatactat aaactcaaca 1080 

gagaggcatg cagcagaaat aatttaatat tttgtgtctt ggttgtcatg tattgtcctc 1140 

ttttttccat tttcccagct tttcagtgtc tgtatttcct attttttgat gattttgttt 1200 

tgaatggaaa gttttgtttt ttaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaa 1257 
<210> 7 
<211> 1263 
<212> DNA 
<213> Ipomoea batatas 
<400> 7 

gttttcagtt ctgttaagcc tcagttttcc agagagtata acagcttaag tttgacaaca 60 

atggctgtgt caatcaggtg tttcttcatg gccattactc ttcttgcttt tgcaccgctt 120 
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tcgctctgtc acaagggcta tggtggtggt ggtggtagta gtctgtatcc acagtattac 180 

gagaagtcgt gcccacgagc actagagatt gtcaggtttg aagttgcgaa agccgtggct 24 0 

aaagaagcaa gaatggctgc ttctttgctc aggctcgcct ttcatgactg ttttgttcag 300 

ggatgtgatg catctatact tctagacagc ggtaatggca taacaagcga gaagaattct 360 

aaccccaaca gaaaatctgc tcgcgggttt aacgtgattg atgacatcaa agctgccttg 420 

gagaaggagt gccctcacac ggtttcttgc gctgatatta tgcagcttgc tgccagggat 480 

tctacacatc tgagtggtgg accattctgg gaagttccat taggaaggaa agactccagg 54 0 

agtgccagcc tgagtggctc caacaacaac atccctgcac caaacaacac cttccaaacc 600 

atccttacca agttcaagcg ccagggcctt gatcttgttg atcttgtggc attatctggg 660 

agccacacaa ttgggaattc aagatgtacc agtttcagac agaggcttta caaccaatct 720 

ggaaacagca aaccagactc taccttggat cagtactatg ctgctcagct gcgcaacagg 780 

tgcccgagat ccggtgggga tcagaacctg tttttcttgg acttcgtgag cccgaaaaag 840 

ttcgacaaca gctacttcaa gctcttgttg gcaaacaagg gacttctcaa ctcagaccaa 900 

gttctgacca ccaagagtga agcatcattg cagctggtga aagcatatgc agagaacaat 960 

gagcttttcc ttcaacattt cgcctcgtcc atgatcaaga tggccaacat ttcgcctctc 1020 

actggctcca agggagaaat caggaagaat tgcaggaaga tcaactctta atacaaatac 1080 

cataaactcc tcactgaaac agcagaaata ataaactgtg tcttggttgt catgtattgt 1140 

cctcttttcc ccatttttcc agcttttgag tgtctgtaat ctgtatttcc tcattttttt 1200 

gatcggtttg tgtttgaata tacannaagt attacataaa aaaaaaaaaa aaaaaaaaaa 1260 

aaa 1263 
<210> 8 
<211> 1290 
<212> DNA 
<213> Ipomoea batatas 
<400> 8 

caacatcgta tagtagctta taaggttgtc agagaaatta aggttcaatg gcggtttctg 60 

ttaaggcttt gactgctgtt ttgttgtgtg ttttggtgct tgttgggggg tgttctgctc 120 

agctttcgcc tgggttttac tcgaaatcat gcccaaagct tttccagaca gtcaactctg 180 

ttgtgcggtc tgcaatccag aaagaggctc gcatgggcgc ctctctcctt cgcctcttct 240 

tccatgactg ctttgtcaat gggtgtgatg gatcaattct cttggacgat acgtcttcct 300 

tcaccggaga gaaaagggcg gctcccaact tccagtccgc tcgtgggttt gaggtcattg 360 

accaaattaa gtccgctgtc gagaaagttt gtcctggagt tgtgtcatgc gctgacattt 420 

tggccattgc ttctcgtgac tctactgtta cacttggagg gcctagttgg aatgtgaaac 480 

ttgggagaag agatgctagg actgcaagcc aagcagcagc caacaacagc attcctgctc 54 0 

ccacttctaa cctcaatcgc ctcatttcca gcttcagtgc tgtcggcctc tctaccaacg 600 

atatggttgt tttatcaggc tcacacacaa ttggacaggc ccggtgcacg aacttcaggg 660 

caagaatata caacgagtca aacatagact catcctttgc ccaatccagg aagggcaact 720 

gccccagagc aagtgggtcc ggggacaaca acttggcccc actcgacctc caaaccccaa 780 

taaagtttga caacaactac tacgtcaacc tcgtcaacaa aaagggtctt ctccactccg 840 

accaacagct cttcaatggc gtttcaacag actcaactgt gagaggatac agcacaaacc 900 

catcaaaatt caaatcagat ttcgcagccg ccatgatcaa gatgggtgat atcaagccac 960 

tcactgggaa caatggagag atcaggaaga actgcaggag aaggaactaa ttaaataatt 1020 

aatatataca taccaaaatc ggatcaatcc ggcctattat aattactata attgtctgta 1080 

atggagattt ctgcagcttt agtttgattt tcttgtgtta tgttaagacc ttttgaggtg 1140 

cattattgga agtgttgaca gcaaggtcag aggataattt ttcttgaatt taaagtgtta 1200 

agtgtgtgat aattaatgtg tggaaggttt tctatatata aaatccttaa taaaagtcct 1260 

catatttctt aaaaaaaaaa aaaaaaaaaa 1290 
<210> 9 
<211> 356 
<212> PRT 

<213> Ipomoea batatas 
<400> 9 
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Met Ala Ser Phe Val Thr Arg Leu Ser Leu Ala Leu Ser Phe lie Ala 

15 10 15 

Leu Ala Leu Ala Gly Phe Ser lie Tyr Gin Asn Thr His Thr Ala Met 

20 25 30 

Lys Gly Gin Leu Lys Leu Thr Pro Lys Trp Leu Leu Asp Asn Thr Leu 

35 40 45 

Glu Ser Ser Val Ala Asp Val Leu Ser Leu Arg Leu Gly lie Ser Ser 

50 55 60 

Gly Lys Leu Ser Asp Glu Asp Cys lie Phe Ser Ala Val Lys Glu Val 

65 70 75 80 

Val Asp Ala Ala lie Asp Ala Glu Thr Arg Met Gly Ala Ser Leu lie 

85 90 95 

Arg Leu Phe Phe His Asp Trp Phe Val Asp Gly Cys Asp Ala Gly Leu 

100 105 110 

Leu Leu Asn Asp Thr Pro Thr Phe Thr Arg Glu Gin Thr Ala Gly Gly 

115 120 125 

Asn Asn Asn Ser Val Thr Gly Phe Glu Val lie Gin Gin Ala Lys Glu 

130 135 140 

Asn Val lie Thr Lys Cys Pro Tyr lie Gin Val Ser Cys Ala Asp lie 
145 150 155 160 

Leu Ser lie Ala Ala Arg Asp Ser Phe Gin Arg Phe Thr Gly Glu Thr 

165 170 175 

Tyr Thr Val Thr Leu Gly Arg Leu Asp Ala Arg Thr Ala Asn Leu Thr 

180 185 190 

Gly Ala Asn Thr Gin Leu Val Gly Pro Asn Glu Glu Leu Ala Ser Gin 

195 200 205 

Val Glu Lys Phe Ala Ala Lys Gly Phe Ser Glu Thr Glu Leu Val Ala 

210 215 220 

Leu Leu Gly Val His Thr Val Gly Phe Ser Arg Cys Pro Leu Leu Cys 
225 230 235 240 

Val Pro lie Phe lie Asn Pro Ala Arg Ala Ser Thr Leu Gin Cys Asn 

245 250 255 

Cys Pro Val Ser Pro Asp Asp Thr Gly Leu Val Gly Leu Asp Pro Thr 

260 265 270 

Pro Leu Thr Trp Asp Gin Ser Phe Tyr Ser Asp Val Ala Asn Gly Gin 

275 280 285 

Gly Leu Leu Phe Ser Asp Asn Glu Leu Met Asn Ser Asn Thr Thr Ser 

290 295 300 

Ala Ala Val Arg Arg Tyr Arg Asp Glu Met Asp Ala Phe Leu Ala Asp 
305 310 315 320 

Phe Ala Ala Ala Met Val Lys Met Ser Leu Leu Pro Pro Ser Pro Gly 

325 330 335 

Val Glu Leu Glu lie Arg Glu Val Cys Ser Glu Val Asn Ala Asn Thr 

340 345 350 

Val Ala Ser Met 
355 

<210> 10 
<211> 327 
<212> PRT 

<213> Ipomoea batatas 
<400> 10 

Met Ala Ser Phe Ser Ser Leu Leu Ala Met Ala Leu Ala lie Ser lie 
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15 10 15 

Phe Leu Ser His Ser Asn Ala Gin Leu Ser Ser Thr Phe Tyr Ser Thr 

20 25 30 

Thr Cys Pro Asn Val Ser Ser lie Val Ser Thr Val lie Gin Gin Ala 

35 40 45 

Leu Gin Asn Asp Ala Arg lie Gly Ala Ser Leu lie Arg Leu His Phe 

50 55 60 

His Asp Cys Phe Val Asn Gly Cys Asp Gly Ser lie Leu Leu Asp Asn 

65 70 75 80 

Asn Gly Thr Thr lie Val Ser Glu Lys Asp Ala Ala Pro Asn Asn Asn 

85 90 95 

Ser Ala Arg Gly Phe Asp Val Val Asp Asn lie Lys Thr Ala Val Glu 

100 105 110 

Asn Ala Cys Pro Gly Val Val Ser Cys Ala Asp lie Leu Ala Leu Ala 

115 120 125 

Ser Glu Ser Ala Val Ser Leu Ala Ser Gly Pro Ser Trp Asn Val Leu 

130 135 140 

Leu Gly Arg Arg Asp Ser Arg Thr Ala Asn Gin Ala Gly Ala Asn Thr 
145 150 155 160 

Ser lie Pro Ala Pro Phe Glu Ser Leu Ser Asn lie Thr Thr Lys Phe 

165 170 175 

Ser Asn Val Gly Leu Asn Val Asn Asp Leu Val Ala Leu Ser Gly Ala 

180 185 190 

His Thr Phe Gly Arg Ala Gin Cys Arg Thr Phe Ser Asn Arg Leu Phe 

195 200 205 

Asn Phe Ser Asn Thr Gly Asn Pro Asp Ser His Leu Lys His Asn Leu 

210 215 220 

Leu Ser Thr Leu Gin Gin Val Cys Pro Gin Gly Gly Ser Gly Ser Thr 
225 230 235 240 

Val Thr Asn Leu Asp Pro Thr Thr Pro Asp Thr Phe Asp Ser Ser Tyr 

245 250 255 

Phe Ser Asn Leu Gin Asn Asn Arg Gly Leu Leu Gin Ser Asp Gin Glu 

260 265 270 

Leu Phe Ser Thr Ser Gly Ala Ala Thr lie Ala lie Val Asn Ser Phe 

275 280 285 

Ser Ala Asn Gin Thr Ala Phe Phe Gin Ser Phe Val Gin Ser Met lie 

290 295 300 

Asn Met Gly Asn lie Ser Pro Leu Thr Gly Thr Ser Gly Glu lie Arg 
305 310 315 320 

Leu Asn Cys Arg Arg Pro Asn 
325 

<210> 11 
<211> 353 
<212> PRT 

<213> Ipomoea batatas 
<400> 11 

Met Ala Ser Phe Ala Thr Lys Leu Ser Leu Ala Leu Ser Leu Leu Ala 

15 10 15 

Leu Val Leu Ala Gly Tyr Ser lie Tyr Gin Asn Thr Tyr Ser Ala lie 

20 25 30 

Asn Gly Thr Glu Leu Gin Leu lie Pro Thr Trp Leu Asp Glu Thr Leu 
35 40 45 
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Glu Ser Ala Asn lie Leu Arg Ala Leu Gly Leu Gly Lys Ser Ser Ser 

50 55 60 

Gly Met Leu Ser Asp Glu Ala Cys Val Phe Ser Ala Val Lys Glu lie 

65 70 75 80 

Val Glu Ala Ala lie Thr Asn Glu Thr Arg Met Gly Ala Ser Leu lie 

85 90 95 

Arg Leu Phe Phe His Asp Cys Phe Val Asp Gly Cys Asp Gly Gly lie 

100 105 110 

Leu Leu Asn Ala Thr Asn Gly Glu Gin Ser Ala Pro Ala Asn Ala Asn 

115 120 125 

Ser Val Arg Gly Phe Glu Val lie Glu Arg Ala Lys Gin Asn Ala Lys 

130 135 140 

Ser Lys Cys Ser Asp Thr Pro Val Ser Cys Ala Asp Val Leu Ala lie 
145 150 155 160 

Ala Ala Arg Asp Ser Val Val Lys Leu Gly Gly Gin Thr Tyr Thr Val 

165 170 175 

Asn Leu Gly Arg Arg Asp Ala Arg Ser Phe Asn Leu Thr Gly Ala Asn 

180 185 190 

Asn Gin Leu Pro Ala Pro Phe Asp Asp Leu Ala Thr Gin Thr Arg Lys 

195 200 205 

Phe Ala Asp Lys Gly Phe Asn Gin Thr Glu Met Val Ala Leu Ala Gly 

210 215 220 

Ala His Thr Val Gly Phe Ala Arg Cys Ala Val Leu Cys Ser Ser Asn 
225 230 235 240 

Asn Leu Asn Gin Ala Arg Asn Ser Thr Leu Gin Cys Thr Cys Pro Val 

245 250 255 

Ala Ala Gly Asp Ala Gly Leu Val Gly Leu Asp Pro Thr Pro Ser Thr 

260 265 270 

Met Asp Thr Arg Tyr Phe Arg Asp lie Val Asp Gly Gin Gly Leu Leu 

275 280 285 

Phe Ser Asp Gin Val Leu Leu Asn Gly Thr Thr Thr Thr Ala Ala Val 

290 295 300 

Arg Arg Tyr Arg Asp Gly Thr Gly Ala Phe Leu Ser Asp Phe Ala Ala 
305 310 315 320 

Ala Met Val Lys Met Gly Asn Leu Ala Pro Ser Ala Gly Val Gin Leu 

325 330 335 

Glu lie Arg Asp Val Cys Ser lie Val Asn Pro Thr Ser Val Ala Ala 
340 345 350 

Met 

<210> 12 
<211> 332 
<212> PRT 

<213> Ipomoea batatas 
<400> 12 

Met Ala Arg Ser lie Ser Cys Phe Phe Met Ala lie Thr Leu Leu Ala 

15 10 15 

Phe Ala Pro Val Ser Leu Cys Tyr Lys Gly Tyr Gly Gly Ser Leu Tyr 

20 25 30 

Pro Gin Tyr Tyr Glu Lys Ser Cys Pro Arg Ala Leu Glu lie Val Arg 

35 40 45 

Ser Glu Val Ala Lys Ala Val Ala Lys Glu Ala Arg Met Ala Ala Ser 
50 55 60 



- 19 - 



Leu lie Arg Leu Ser Phe His Asp Cys Phe Val Gin Gly Cys Asp Ala 

65 70 75 80 

Ser lie Leu Leu Asp Ser Gly Asn Gly lie Thr Ser Glu Lys Asn Ser 

85 90 95 

Asn Pro Asn Arg Asn Ser Ala Arg Gly Phe Asp Val lie Asp Asp lie 

100 105 110 

Lys Ala Ala Leu Glu Lys Glu Cys Pro Gin Thr Val Ser Cys Ala Asp 

115 120 125 

lie Met Gin Leu Ala Ala Arg Asp Ser Thr His Leu Ser Gly Gly Pro 

130 135 140 

Phe Trp Glu Val Pro Val Gly Arg Lys Asp Ser Arg Ser Ala Ser Leu 
145 150 155 160 

Ser Gly Ser Asn Asn Asn lie Pro Ala Pro Asn Ser Thr Phe Gin Thr 

165 170 175 

lie Leu Asn Arg Phe Lys Asn Gin Gly Leu Asp Leu Val Asp Leu Val 

180 185 190 

Ala Leu Ser Gly Ser His Thr lie Gly Asn Ser Arg Cys Val Ser Phe 

195 200 205 

Arg Gin Arg Leu Tyr Asn Gin Ala Gly Asn Asn Gin Pro Asp Ser Thr 

210 215 220 

Leu Asp Gin Tyr Tyr Ala Ala Gin Leu Arg Asn Arg Cys Pro Arg Ser 
225 230 235 240 

Gly Gly Asp Ser Asn Leu Phe Phe Leu Asp Phe Val Ser Pro Thr Lys 

245 250 255 

Phe Asp Asn Ser Tyr Phe Lys Leu Leu Leu Ala Asn Lys Gly Leu Leu 

260 265 270 

Asn Ser Asp Gin Val Leu Thr Thr Lys Asn Glu Ala Ser Leu Gin Leu 

275 280 285 

Val Lys Ala Tyr Ala Glu Asn Asn Glu Leu Phe Leu Gin His Phe Ala 

290 295 300 

Ser Ser Met lie Lys Met Ala Asn lie Ser Pro Leu Thr Gly Ser Asn 
305 310 315 320 

Gly Glu lie Arg Lys Asn Cys Arg Lys lie Asn Ser 
325 330 

<210> 13 
<211> 336 
<212> PRT 

<213> Ipomoea batatas 
<400> 13 

Met Ser Val Ser lie Arg Cys Phe Phe Met Ala lie Thr Leu Leu Ala 

15 10 15 

Phe Ala Pro Leu Ser Leu Cys His Lys Gly Tyr Gly Gly Gly Gly Gly 

20 25 30 

Ser Ser Leu Tyr Pro Gin Tyr Tyr Glu Lys Ser Cys Pro Arg Ala Leu 

35 40 45 

Glu lie Val Arg Phe Glu Val Ala Lys Ala Val Ala Lys Glu Ala Arg 

50 55 60 

Met Ala Ala Ser Leu Leu Arg Leu Ala Phe His Asp Cys Phe Val Gin 

65 70 75 80 

Gly Cys Asp Ala Ser lie Leu Leu Asp Ser Gly Asn Gly lie Thr Ser 

85 90 95 

Glu Lys Asn Ser Asn Pro Asn Arg Lys Ser Ala Arg Gly Phe Asn Val 
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100 105 110 

lie Asp Asp lie Lys Ala Ala Leu Glu Lys Glu Cys Pro His Thr Val 

115 120 125 

Ser Cys Ala Asp lie Met Gin Leu Ala Ala Arg Asp Ser Thr His Leu 

130 135 140 

Ser Gly Gly Pro Phe Trp Glu Val Pro Leu Gly Arg Lys Asp Ser Arg 
145 150 155 160 

Ser Ala Ser Leu Ser Gly Ser Asn Asn Asn lie Pro Ala Pro Asn Asn 

165 170 175 

Thr Phe Gin Thr lie Leu Thr Lys Phe Lys Arg Gin Gly Leu Asp Leu 

180 185 190 

Val Asp Leu Val Ala Leu Ser Gly Ser His Thr lie Gly Asn Ser Arg 

195 200 205 

Cys Thr Ser Phe Arg Gin Arg Leu Tyr Asn Gin Ser Gly Asn Ser Lys 

210 215 220 

Pro Asp Ser Thr Leu Asp Gin Tyr Tyr Ala Ala Gin Leu Arg Asn Arg 
225 230 235 240 

Cys Pro Arg Ser Gly Gly Asp Gin Asn Leu Phe Phe Leu Asp Phe Val 

245 250 255 

Ser Pro Lys Lys Phe Asp Asn Ser Tyr Phe Lys Leu Leu Leu Ala Asn 

260 265 270 

Lys Gly Leu Leu Asn Ser Asp Gin Val Leu Thr Thr Lys Ser Glu Ala 

275 280 285 

Ser Leu Gin Leu Val Lys Ala Tyr Ala Glu Asn Asn Glu Leu Phe Leu 

290 295 300 

Gin His Phe Ala Ser Ser Met lie Lys Met Ala Asn lie Ser Pro Leu 
305 310 315 320 

Thr Gly Ser Lys Gly Glu lie Arg Lys Asn Cys Arg Lys lie Asn Ser 
325 330 335 

<210> 14 
<211> 321 
<212> PRT 

<213> Ipomoea batatas 
<400> 14 

Met Ala Val Ser Val Val Lys Ala Leu Thr Ala Val Leu Leu Cys Val 

15 10 15 

Leu Val Leu Val Gly Gly Cys Ser Ala Gin Leu Ser Pro Gly Phe Tyr 

20 25 30 

Ser Lys Ser Cys Pro Lys Leu Phe Gin Thr Val Asn Ser Val Val Arg 

35 40 45 

Ser Ala lie Gin Lys Glu Ala Arg Met Gly Ala Ser Leu Leu Arg Leu 

50 55 60 

Phe Phe His Asp Cys Phe Val Asn Gly Cys Asp Gly Ser lie Leu Leu 

65 70 75 80 

Asp Asp Thr Ser Ser Phe Thr Gly Glu Lys Arg Ala Ala Pro Asn Phe 

85 90 95 

Gin Ser Ala Arg Gly Phe Glu Val lie Asp Gin lie Lys Ser Ala Val 

100 105 110 

Glu Lys Val Cys Pro Gly Val Val Ser Cys Ala Asp lie Leu Ala lie 

115 120 125 

Ala Ser Arg Asp Ser Thr Val Thr Leu Gly Gly Pro Ser Trp Asn Val 
130 135 140 
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Lys Leu Gly Arg Arg Asp Ala Arg Thr Ala Ser Gin Ala Ala Ala Asn 
145 150 155 160 

Asn Ser lie Pro Ala Pro Thr Ser Asn Leu Asn Arg Leu lie Ser Ser 

165 170 175 

Phe Ser Ala Val Gly Leu Ser Thr Asn Asp Met Val Val Leu Ser Gly 

180 185 190 

Ser His Thr lie Gly Gin Ala Arg Cys Thr Asn Phe Arg Ala Arg lie 

195 200 205 

Tyr Asn Glu Ser Asn lie Asp Ser Ser Phe Ala Gin Ser Arg Lys Gly 

210 215 220 

Asn Cys Pro Arg Ala Ser Gly Ser Gly Asp Asn Asn Leu Ala Pro Leu 
225 230 235 240 

Asp Leu Gin Thr Pro lie Lys Phe Asp Asn Asn Tyr Tyr Val Asn Leu 

245 250 255 

Val Asn Lys Lys Gly Leu Leu His Ser Asp Gin Gin Leu Phe Asn Gly 

260 265 270 

Val Ser Thr Asp Ser Thr Val Arg Gly Tyr Ser Thr Asn Pro Ser Lys 

275 280 285 

Phe Lys Ser Asp Phe Ala Ala Ala Met lie Lys Met Gly Asp lie Lys 

290 295 300 

Pro Leu Thr Gly Asn Asn Gly Glu lie Arg Lys Asn Cys Arg Arg Arg 
305 310 315 320 

Asn 

<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> forward primer for swpa4 gene 

<400> 15 

cagcgaggtg aatgccaaca 

<210> 16 

<211> 20 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> reverse primer for swpa4 gene 

<400> 16 

ttcagtaata caagttttgt 

<210> 17 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> forward primer for swpaS gene 

<400> 17 

tccgtgagtg aaatctgtt 

<210> 18 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> reverse primer for swpaS gene 
<400> 18 

aaaaaatgag gtactgaaaa taaa 



24 



<210> 
<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



19 
21 
DNA 

Artificial Sequence 

forward primer for swpa6 gene 
19 



cgtaacgtaa caaaaataat a 



21 



<210> 
<211> 
<212> 
<213> 
<220> 
<223> 
<400> 

atctagattt ttattttgaa cat 



20 
23 
DNA 

Artificial Sequence 

reverse primer for swpa6 gene 
20 



23 



<210> 
<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



21 
23 
DNA 

Artificial Sequence 

forward primer for swpbl gene 
21 



gatcaactct taatacaaat aca 



23 



<210> 
<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



22 
19 
DNA 

Artificial Sequence 

reverse primer for swpbl gene 
22 



aaaacaaaat catcaaaaa 



19 



<210> 
<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



23 
21 
DNA 

Artificial Sequence 

forward primer for swpb2 gene 
23 



gatcaactct taatacaaat a 



21 



<210> 
<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



24 
20 
DNA 

Artificial Sequence 



reverse primer for swpb2 gene 
24 

aaaaatgtgg aaatacagat 
<210> 25 



20 
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<211> 26 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> forward primer for swpb3 gene 

<400> 25 

gaagaactgc aggagaagga actaat 26 

<210> 26 

<211> 19 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> reverse primer for swpb3 gene 

<400> 26 

gaaaaattat cctctgacc 19 
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